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I'M GOING TO TALK ABOUT

e CLIMATE CHANGE AND WHY AND HOW IT IMPACTS HEALTH,
RESPIRATORY HEALTH IN PARTICULAR

e CLIMATE CHANGE RELATED RESPIRATORY OCCUPATIONAL
AND ENVIRONMENTAL HEALTH BURDEN

e THE IPF CASE STUDY AS AN EMBLEMATIC MODEL
e RESPIRATORY HEALTH INEQUITIES

e TAKE HOME MESSAGES




Global Burden of Respiratory
Diseases (All Causes)

Disease/Condition

COPD

Asthma

Lung cancer

5

LRl {e.g. ppeumonia)

Crccupational

axposure-related

Deaths/year

31.23 million

450,000

1.8 million

2.5 million

~4 50,000

People Affected

390+ millian

262 million

2.2 million new

cases/year

Millions (esp.

children & elderly)

Millions

(underestimated)

Global Burden of Disease (IHME, 2020) :

Key Drivers

Smaoking, air pollution,

occupational dust

Allergens, air pollution, climate

Smaoking, asbestos, diesel

exhaust

Infections, air pallution

Silica, coal dust, binaerosals

IAM CPLF 2025 o Respiratory diseases account for ~7.6% of global DALYs (disability-adjusted life years)




The Occupational Burden of Nonmalignant Respiratory Diseases
An Official American Thoracic Society and European Respiratory Society
Statement

Paul D. Blanc, Isabella Annesi-Maesano, John R. Balmes, Kristin J. Cummings, David Fishwick, David Miedinger,
Nicola Murgia, Hajen N, Naidoo, Carl J. Reynolds, Torben Sigsgaard, Kjell Toren, Denis Vinnikov, and CGame A, Radlich;
on behalf of the American Thoracic Society and European Respiratory Society
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Rationale: Waorkplice inhalational hazards remain commeon
worldwide, even though they are ameliorable, Previous American
Ihoeacic Society documents have assessed the contribution of
workplace exposures to asthma and chronic ohstructive pulmonary
q.‘l:'.q.':hl.' O & |.'-l.:|.l|.|]:'.'!|l.'-|.'| I.I." L. OLE ol 10 |:|.|;-.'| chronic |'L'--|.‘li| .||-.'-|'f.
disenses, The goal of this document is fo report an in-depth literature
review and data symthesis of the occupational contribution to the
burden of the major nonmalignant respiratory diseases, including

atrway diseases: interstitial fbrosis: hypersensitivity preumonitis;

AoFEA BeEsPrRaTORY SocET Mapod 2015

Results: Workplace exposures coniribute substantiably to the burden
of multiple chronic respiratory diseases, including asthma (PAF, 16%);
chronic obstructive pulmonary disease (PAF, 14%); chronic bronchitis
(PAF, 13%); idiopathic pulmonary fibrosis (PAF, 26% ) hypersensitivity
J'u'.u.u.'.‘:.m'l.'l.:-- l:m. |.l.;|.".|.'|i-.'\-|'|.'|: |'l|.|:q.:|q.'||. |"-§'"-|:l; .l||'|-.'|' :.:ll.'.l'.u'.'-.l:'ll.l'.l.ll.lw digesisog,
nchuding sarcodoss (oocupational burden, M%) pulmonary alveolas
proteiness (oocupational burden, 29%); tuberculosis (oocupational
burden, 2.3% in silica-exposad workers and 1% in healthcare workers);
anid -.:-L-n:-'nu|1|=.'_;-:|n;u|m| POCUNTIOTA 10 '-u:-r;:in;,-ny_v achulls (PAE, 10FG)




Occupational burden of nonmalignant
respiratory diseases

asthma PAF: 16%

chronic obstructive pulmonary disease PAF: 14%

chronic bronchitis PAF: 13%

idiopathic pulmonary fibrosis PAF: 26%

hypersensitivity pneumonitis occupational burden: 19%

other granulomatous diseases, including occupational burden: 30%

sarcoidosis occupational burden: 29%)

pulmonary alveolar proteinosis occupational burden: 2.3%

tuberculosis (and 1% in healthcare workers) in silica-exposed workers
PAF, 10%

community-acquired pneumonia in working-age

adults

PAF: Population attributable fraction
Occupational burden: attribution in case series, incidence rate ratios (IRRs), or AF
within a group
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Pando

« Pando » = « Je m’étale » = « | spread »

Fishlake National Forest (Utah)

A clone consisting of approximately 47,000
aspen trees (Populus tremuloides) grown
from a single seed that spreads by emitting
new shoots from an expanding root system.
The largest (106 acres), the heaviest, the
oldest tree on the planet (>80000 years).
One of the most massive living beings on
earth.




With 80000 years, I've lived quite a bit




Environmental changes and historical events
experienced by Pando
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Greenhouse gases
(GHGSs):

Carbon dioxide (CO2)
Methane (CHa4):
Nitrous oxide (N20)
Steam

F-gases

NORMAL EARTH

“"Normal greenhouse effect”: GHGs trap some of the heat emitted by the Earth after
absorbing solar energy essential to maintain a habitable temperature on Earth.

A\

Pathological greenhouse effect”: accumulation of GHGs due to human activities




WHO IS RESPONSIBLE FOR WHAT IS
HAPPENING?

Those little animals we (the plants) call
humans!




Natural and human activities both contribute to the
accumulation of greenhouse gases (GHGs)
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Even natural phenomena depend on
human activities
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WHAT IS THE TREND AND THE

CONSEQUENCES OF THE GLOBAL
WARMING?




Energy consumption has increased

17 energy slaves (EGs)* per capita in 1940 (2 billion inhabitants):
38 EGs per capita in 1950
Several hundred EGs to satisfy the consumption of each European (Jancovici

and Grandjean) now
Fossil fuels provide 80% of energy demand

*Tasks once performed by humans or animals are now performed by
motors, machines, and automated systems running on energy called

energy slaves (R. Buckminster Fuller)




-------- PLANETE

e

2024

1.62°C exceedance
(compared to pre-

industrial levels) Climat: le seuil de +1,5°C franchi en 2024

0=

N.B.
1.5 °C exceedance

=> irreversible impacts
on ecosystems, human
societies and climate.




Extreme weather events on the rise

Studies of almost 750 events and trends reveal the impact of

climate change on extreme weather.

Swirich 'wiie:

Explore further:

Carbon Brief’s map
IAM CPLF 2025




WHY, THIS IS IMPORTANT FOR
HEALTH?




Climate Change-related health pathways

Climate

‘ Direct

> impact

change |

Indirect

—p —
processes

(Mediating)

Susceptibility and vulnerability

Temperature, Humidity, rain,
storms, etc.

— Changes to physical
systems/processes ‘

Chemical air pollutants, etc. Health
impacts

| RESPIRATORY HEALTH

§ IS A MAIN TARGET OF
' CLIMATE CHANGE

Biodiversity

&y

FACT: l.‘.lln1
change is

Over 100 million people will die from climate change
by 2030 if we do not collectively take action now.
Afterwards, the death toll will be even more severe.




Climate change a major driver of both
occupational and environmental
respiratory diseases

* Reshaping patterns of exposure and disease burden
worldwide.

. Weather patterns impact negatively upon human respiratory health.

. Worsening air quality and increased allergens and biotoxicants can
worsen existing disease or contribute to new disease development.

. Climate-related changes in vectors for infection can cause new
respiratory diseases

. Increasing occupational pollutants, exposures and conditions
contribute to occupational diseases.

'.\-

&Y

FACT: Climate _
change is real, |




THE IMPACT OF CLIMATE CHANGE ON

RESPIRATORY DISEASES




Some examples of respiratory diseases impacted by
climate change

¢ \Worsening Asthma and COPD:

® Higher concentrations of O; and PM, . trigger asthma attacks, worsen
Chronic Obstructive Pulmonary Disease (COPD) symptoms, and
increase hospitalizations.

¢ Increased Asthma and Rhinitis attacks:
® Increased pollen and mold exposure trigger asthma and rhinitis
® Thunderstorm asthma

® Increased Respiratory Infections:

® PM, . exposure is linked to increased susceptibility to respiratory
infections (e.g., pneumonia, bronchitis).

IAM CPLF 2025




Some figures of respiratory diseases
impacted by climate change

Source / Estimate Climate-Linked Respiratory Deaths

WHO (2021) Up to 1.5 million respiratory deaths/year from air pollution

IPCC (2023) Prajected tens of thousands of excess respiratory deaths/year by

2050 under high-emission scenarios

Lancet Countdown (2023) Climate-sensitive air pollution and heat are among the top drivers

of premature mortality from respiratory disease worldwide

Trends
The Global Burden of Disease (IHME, 2020) estimates that:

o Climate change and pollution are increasing the burden, especially in
LMICs (low- and middle-income countries)

Environmental exposures (air pollution, allergens, occupational

dusts/fumes) are key contributors to rising burden.
IAM CPLF 2025




THE IMPACT OF CLIMATE CHANGE ON

WORK-RELATED RESPIRATORY
DISEASES




Interrelationship between climate change, risk
factors and occupational respiratory health

Industrial activities
and occupations

Climate
change

Occupational
risk
factors

q

Respiratory health
impairment
in workers
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Impact of Climate on Workers

Emgimgg Hegﬁu ﬂE §g£ ;g EIEE Iﬂ:reasrng exposure intensity and duration, Introducing new,

unanticipated hazards, Reducing the predictability of working conditions

« Compounded Vulnerabilities:

Migrant workers and those with poor housing or limited socioeconomic support experience:

* Double exposure to climate hazards—both at work and at home

« Higher susceptibility to health effects due to limited access to healthcare and protective infrastructure

-




.. High-Risk Worker Groups

Worker Group Climate-Linked Risks

Firefighters Wildhire smoke, toxic inhalation

Farmers Dust storms, pesticides, bioaerosals, heat

Construction workers Ozone, heat, silica dust

Transport workers Urban ar pollution, diesel exhaust

Healthcare & cleanup crews Motd, disinfecton chemicals post-flood

Migrant laborers Combined home/workplace exposures, poor ventilation

IAM CPLF 2025




Some figures of the CC occupational
burden

@ Wildfire Smoke Exposure

« Outdoor workers (firefighters, farmers, construction): Up to 12—20x higher exposure to
PM2.s during wildfire events compared to the general population.

« In California (2020), wildfire smoke exposure led to:
« 25% increase in respiratory emergency visits
« Estimated up to 1,200 excess deaths, a portion linked to

occupational exposure.
B» Air Pollution & Ozone

» Occupational exposure to ozone (e.g., outdoor workers in urban areas):

 Linked to lung function decline and higher asthma and COPD
incidence.

« WHO (2021): Of the 4.2 million deaths annually from air pollution, a significant
portion occurs in working-age adults, especially in the informal labor sector.

IAM CPLF 2025




Some figures of the CC occupational
burden

B Silica Dust, Drought & Mining

* Construction and mining workers face increasing risks from
desertification and drought, which raise silica dust levels:

« Example: Resurgence of silicosis in stone-cutting workers in
India and Australia.

 WHO estimates up to 40 million workers globally are at risk
of silica-related respiratory disease.

(& Mold and Biological Hazards

* After climate-linked flooding or hurricanes, indoor workers
(cleaners, teachers, office staff) face increased exposure to molds
and endotoxins:

 Linked to occupational asthma, hypersensitivity
pneumonitis, and bronchiolitis obliterans.

IAM CPLF 2025




Idiopathic pulmonary fibrosis (IPF)
stands out as a disease with both
occupational and environmental

determinants potentially impacted by
climate change

IAM CPLF 2025




A CASE STUDY OF AN ENVIRONMENTAL AND
OCCUPATIONAL DISEASE IN A CHANGING CLIMATE:
Idiopathic pulomary fibrosis

* Rare progressive chronic interstitial lung disease of complex
unknown origin

e Quality of life and prognosis remain very poor with average
survival <5 years from diagnosis

* Increasing rates of hospital admissions and deaths due
* to IPF also suggest an increasing burden of disease.

* Identification and elimination of all modifiable causal
determinants is ethically imperative to prevent the associated
public health burden and individual sufferings

Raghu G, Re my -Jardin M, Ri h Idi L, Thomson CC, Inoue Y, Johkoh T, Kreuter M, Lynch DA, Maher TM, Martinez FJ, Molina-Molina M, Myers JL, Nicholson AG, Ryerson CJ, Strek ME, Troy LK, Wijsenbeek M, Mammen MJ, Hossain T, Bissell BD, Herman DD, Hon SM, Kheir
F, Khor YH, Mac M Antoniou KM, B s D, Buendia-Roldan 1, Caro F, Crestani B, Ho L, Morisset J, Olson AL, Podolanczuk A, Poletti V, Selman M, Ewing T, Jones S, Knight SL, Ghazipura M, Wilson KC. Idiopathic Pulmonary Fibrosis (an Update) and Progressive
Pulmonary Fibrosis in Adults: A Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med. 2022 May 1;205(9):e18-e47. doi: 10.1164/rccm.202202-0399ST. PMID: 35486072; PMCID: PMC9851481.

Lederer DJ, Mamnez FJ. Idiopathic Pulmonary Fibrosis. N Engl ) Med. 2018 May 10;378(19):1811-1823. doi: 10.1056/NEJMra1705751. PMID: 29742380.



GLOBAL BURDEN IPF
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Maher TM, Bendstrup E, Dron L, Langley J, Smith G, Khalid JM, Patel H, Kreuter M. Global incidence and prevalence of idiopathic pulmonary fibrosis. Respir Res. 2021 Jul 7;22(1):197. doi: 10.1186/s12931-021-01791-z. PMID: 34233665; PMCID:

PMC8261998



NOT SO IDIOPATHIC?




IPF ETIOLOGY: a COMPLEX BLACK BOX

Air pollution
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IPF AND OCCUPATION




IPF: a diagnosis of exclusion?

| Moleriial conma ' nesocintod coredilicor

- ‘ OH physician

P r
-rl-u..ull-ul:-'! s = 2ty ! i b g
e | Amgraain Lsrdimegy sy BFRCTY |
. [
| |
i e ' OH physician
|
I :
Al T . TELct ! i | = L_E3* |
T T
' '

. ' ] OH physician

Raghu G, et a. Idiopathic Pulmonary Fibrosis (an Update) and Progressive Pulmonary Fibrosis in Adults: An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med. 2022 May 1;205(9):e18-e47. doi: 10.1164/rccm.202202-0399ST. PMID: 35486072; PMCID:
PM(C9851481

Carlier, S., Nasser, M., Fort, E. et al. Role of the occupational disease consultant in the multidisciplinary discussion of interstitial lung diseases. Respir Res 23, 332 (2022). https://doi.org/10.1186/s12931-022-02257-6.
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Work-related interstitial lung disease:
what is the true burden?

Authors: De Matteis. 5 ' TMurgia, M. <;
Source: The international fourral of Tuberculosis and Lung Disrase. Volume 26, Number 11,1 November 2022,
Publisher: international Unlon &gainst Toberculosis and Lung Diseaze
DOA: niktpssr Al orgf 10528 8/ta, 22,0212
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Abstract Cltatioms Sugpestions

interstitial lung diseases (ILDs) Inciude a large vanety of fibretlc lung conditions caused by genefic and environ
Oocupational exposures might alsa play a significant role, but the real health burden & currently unknown., He
rofe of work-related exposures in ILDs, focussing on Idinpathic pulmonary fibrosis (IPF) and hypersensitivity pr
performed a focused review of the literature on work-related HP and IPF over the past 5 years. Using a meta-a
guantified the occupational burden of IPF and HP. and estimated thal ofcupational exposures to metal, silica &
smake increased IPF risk with a pooled odds ratio of 1.7 (%5% O 1.42-2 03}, The proportion of HP cases relate:
weas 1 70: [B5% O 7-28) Our review supports the hypothesis that oocupational exposures are a significant risk 1
actiopathogenesis of IPF and HP. We recommend that further reseanch be performed to identify the underlyin

the maximum permitted exposure to reduce the assocated IPF and HP burden



OCCUPATIONAL RISK FACTORS
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OCCUPATIONAL IPF RISK ESTIMATES
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OCCUPATIONAL IPF
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OCCUPATIONAL IPF ESTIMATES
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Gandhi SA, Min B, Fazio JC, Johannson KA, Steinmaus C, Reynolds CJ, Cummings KJ. The Impact of Occupational Exposures on the Risk of Idiopathic Pulmonary Fibrosis: A Systematic Review and Meta-Analysis. Ann Am Thorac Soc. 2024 Mar;21(3):486-498. doi: 10.1513/AnnalsATS.202305-
4020C. PMID: 38096107; PMCID: PMC10913770.



OCCUPATIONAL IPF risk estimates

In a population-based case-
control study of 503 cases 902
controls in Australia

Increased IPF risk for occupational
exposures to:
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WORSE PROGNOSIS FOR
OCCUPATIONAL IPF?

In a large IPF cohort in the wgdias wer wemume o s e
nationwide IPF Registry of — |

Korea occupational i Gy
exposure to wood and ke =
stone dusts were associated et il it - — —
with higher IPF mortality — == :
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Jegal Y, Park JS, Kim SY, Yoo H, Jeong SH, Song JW, Lee JH, Lee HL, Choi SM, Kim YW, Kim YH, Choi HS, Lee J, Uh ST, Kim TH, Kim SH, Lee WY, Kim YH, Lee HK, Lee EJ, Heo EY, Yang SH, Kang HK, Chung MP; Korea ILD Study Group. Clinical Features, Diagnosis, Management, and Outcomes of
Idiopathic Pulmonary Fibrosis in Korea: Analysis of the Korea IPF Cohort (KICO) Registry. Tuberc Respir Dis (Seoul). 2022 Apr;85(2):185-194. doi: 10.4046/trd.2021.0123. Epub 2021 Dec 13. PMID: 34902237; PMCID: PMC8987666.

Main limit: retrospective



IPF AND AIR POLLUTION




Arplanes

Lighimirg

Mobile

Care, Trucks, Buses,
Molorcycies

Indusiry, Fower Plants, Sewage Treatment

31/07/2025 IAM-ERS-2024

Main air
pollutants:

- Gases: NO,,
SO,, CO, O,
VOCs, etc.

- PM
(Particulate
Matter) (size
and
composition)

Cure |



FPenetration of particles
into the body

COARSE PARTICLES FINE

Size=<10 pm Size

Y LIHSHE

PA am i

PRID, 1 pam cha

L e

Particulate matier, smallar
than a human hair

PARTICLES

r =< 2 5 um

INHALEABLE PARTICLES ULTRAFINE PARTICLES

Size=<1 pm Size=<0.1 ym

PMO.1 = 0.0001Tmm
VIFLISRS « WEnn Dacrticulae

* gnaust gascs

Both PM size and composition are of concerns
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Headacke and anxiety (50.)

Impacts on the central nervous
system (Ph)

Irritation, imflammation and
infections

Asthma and reduced lung
function (NO.)

Chronic obstructive pulmonary
disease (PM)

Ll_;rlg cancer [Phd 'ﬂq'll-":-

Irritation of eyes. nose and throat
Breathing problems (0., PM, NO,,
BaF})

-
Cardiovascular diseases
(PMY, O, 500

Impactls on liver, spleen and
blioaod Hili'l_]

Impacts on the reproductive
system (PM)

Further information: WHO webpage

Health

Environment:
biodiversity, crops

Climate change

Built environment

Economic costs
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LOMOER GROWING SEASON
= LONGER ALLERGYT SEASTN

* Virtually certain

— Increased extended pollen seasons and pollen
production and allergenicity and due to

* Increasing temperatures
* Plants moves
— Increased outdoor ozone level due to
* Increasing temperatures
* Windiness and stagnant air conditions
* Urbanization

» Natural sources of air pollutant emissions
(—=>biogenic VOCs)

— Increased outdoor PM level due to
* Increasing emissions from

— fossil fuel-fired power plants due to demand
for electricity for cooling (due to temperature
increase)

— Urbanization and traffic
* Increasing natural sources of air pollutant emissions
— Wildfire smoke induced by drought and heat
— Desertification - Sand storm

Desertification

e To be further confirmed Urbanization and

— Increase of indoor air pollutants trafic

Industry in developing
IAM-SFO-2025 countries
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European Respiratory Joumal

Matural disasters and respiratory health

Isabella Annesi-Maesano'’, Hasan Bayram®?, Lorenzo Cecchi®, Daniel Croft®, Gennaro D'Amalo,
Armundhat Garud®®# Ozgecan Kayalar?4, Mehdi Misrmedi’®, Subhabrata Moitra®, Vanitha Sampath'?,

Neeta Thakur®, Kan Nadeau'', John Balmes'-'3

e v m gy X

NATURAL: P, Sulphur dioxide, VOCs, metals, PAHs, biocontaminants, etc.

IAM-Airways-2025




EUROPEAN RESPIRATORY journal

Ajoint ERS/ATS policy statement: what constitutes an adverse health effect of air
pollution? An analytical framework

IR
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L Rngien e

~* Increasing evidence on respiratory effects of ...
" Annald air pollution (both exacerbations and
development), including for IPF

Tharacic
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Onset of the disease | ” Q

Onset of symptoms

Diagnosis |~ —\— =— | =— — =
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Air Pollution and IPF

m Mational Library of Medigine

Rirmpap Crmpr A Sl gy b eoeane

Onset of the disease

Onset of symptoms

Diagnosis

% Shull et al. Respirology 2020 " Q

Fumed fpaitan pumoney Hamd s

Incidence
Conti et al. ERJ 2019

Acute Exacerbation
Johannson et al. ERJ 2014
Sesé et al. Thorax 2018
Dales et al. Chest 2020

Tahara et al Respir Res 2021
ZA~~P
@ Accelerated or lower functional decline
Winterbottom et al Chest 2018
m Johannson et al Chest 2018

' Death
Sesé et al. Thorax
2018

@ Yoon et al. ERJ 2020

Aguilar et al. JIMR

2021 =

lyr

2yrs 3 4 5yrs 6 rss
yrs yrs
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IPF development (incidence?) and air pollution

" PM, s

From the last 10

i _
o h yrs using CALIOPE
o -y -
- i [ ]
1

Longparee
; Regions of notable air pollution juxtaposed with higher
0 .
+8% Incidence (10 NO, pug/m?) prevalence of idiopathic pulmonary fibrosis (IPF).
Conti et al. ERJ 2017 Shull et al. Respirology 2020
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el of asmosphens pollution aa the natural hisbary
of idispathic pulmonary librosis

&, L

French Cohort of Flbrosis (COFI) e 010 B
(n=196) "a@;&,r .
.ﬂh‘ il
b v or
Short-Term Air pollution exposure and IPF acute exacerbations a1 ]
- ot e §
Exposition Augmentation [ HR* (Conf Int,,) p-value @
Long-Term Air pollution exposure and IPF mortality
NO, 10 pg/m3 | 0,92 (0,73 - 1,18) 0,509
PM,, 10 pg/m3 0,78 (0,53 — 1,14) 0,197 Exposure Increase HR* (Conf Intgys,) | p-value
PM, . 10 ug/m3 | 1,04 (0,58 - 1,87) 0,902 O, 10 pg/m3 0,89 (0,66-1,18) | 0,43
3 —
6-week exposure NO, 10 pg/m 1,01(0,79 — 1,29) 0,90
2005 WHO AQS: 100% of patients PM, ¢
*HR=Hazard ratio

31/07/2025

Sesé Thorax 2018

IAM-ERS-2024
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IPF functional decline and air pollution

fveraps PM,, = median

238 fwaraga PM,, < median .
patients “®
2.4
=
g2z
[
" 5 Wiadaas PR TES jag
a 5 10 "

T [w1

-46 cc/yr of FVC (p = 0,008) per 5 pg/m?3 of PM,,

Winterbottom C et al. Chest 2018

100 =

E 25 patients
E e
R =l
&
[ LY
a &0 3 -
L1
& f.
; . r
&0 =
- = i
i iLi Al il i

averoge PM 2.8

Air Pollution Exposure Is Associated With Lower Lung Function,
but Not Changes in Lung Function

Johannson K. et al Chest 2018
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Association of Particulate Matter Exposure With Lung Function
and Mortality Among Patients With Fibrotic Interstitial Lung Diseasa

Gl T {roandtaiz, ME), PR Chereeto play Can'tatons, MO 0P KA obandraon, MO P ; Flirasen Bhalil WO Veronkca Waeooos. W
Detomh Assemg, BO: Hd eoe Margares, WE: Jodene H Fisher MO Slaron 5. L Ko, MO, PhD: Eathleen O Lindell RN, PhD; Jamies P Fabesak Ph
Hiaopeng Chen, M% kean F. Ghsan, MIG: ngre Tharg, Fhi, Dol 2@2'2_‘:-1---"1-:11- Ryerson, BT, WAAS: . Wbl Biou e, MO FHD

6,683 IPF patients
In Canadian and
USA registers

LR b PEF eahei

CARE-PF pobunird Cossbilnnd cechnirks maka-anlysis

* PM, ¢ associated with
worse lung function and
mortality or transplant
among some but not all
patients with ILD.

e Sulfate, ammonium, and
black carbon associated
with the most potential
risk

31/07/2025
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Asbredations: BC, black carbor: CARE-SF. Canadian Kepstry far Pulmonary
Fianosis: HR, hazard ratiog BC, muSticanstitdent: BH, ", ammomum; KO, |
nitrate: O, crganic matter; PFF, Pulmonary Fibrosss Foundstion:; P o
narticulate mattes 2 5 pn or legs in diameter, Simmaons, Simmons Center for
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Pu bmed : tiny particles big health impacts

Advanced Create alert Create R55

Found 1 result for tiny particles big health impacts Save Ernail

2 Am ) Respir Crit Care Med. 2024 Aug 30. doi: 10.1164/rccm.202407-1476ED. Online ahead of print.

Tiny Particles, Big Health Impacts

John R Balmes 7 <, Nadia N Hansel >
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UltraFineParticles and IPF

Ambient Uirafine Particulate Matter and Clinical Qutcomes in Fibrotic
Interstitial Lung Disease

Gdiad O Goobis'
Caniel J MHaE
8. Mprad Wograe?

! Crashopiedr Cadean
Afien L, Pobingor, Albes A Presn” ", and

K | !.:H;,E-_;_IIII . Ham &, Jehirressn'
. Yirgoe Thang™

Increased UFP exposure associated with baseline FVC and transplantation-free survival

Lung function

" Transplantation-Free
Baseling Fyc Basesfme Digy q
U e quency 7 VMME T e jpan ey T TN Survival
hicdsl 1 0.2 {-ILES in014] 0.3 [ ] poadel 1 G0 -OA% DA O [ ]
Rkl 2 DPS|0ES 02T 333 L lodel 3 0,86 (40 H wmd 1 048 L
Aesidential Address
Wogeld -L21[-2.30 se-2.00 GO - plodel 3 02101970098 0T = Ennﬂnmus E:'.'PDEHF'E'
28 243 4 45 @ a1 4 43 0 03 1 UFPModel HR 95%C1 P n
i D -
uFe ;‘”; P:;; *;" o UFR E':“f"ﬁ:; -:' P ualue Model 1 .01 0.99-1.04 031 1.416
e el Model 2 1.01 0.98-1.03 057 1,472
dadpacked | Q0L DTl Of] Dl L] okl 4§03 0 3 s 0T L] MJUEE 3 Tﬂﬂ 1-01_1-15 UGE 1372
il T 00 §<021 ko0 1B - pdcrlal 3 003 (-0U14 0 0.11] 0 L]
Migdel .93 DA b2 0UNT) EO3 - poded 3 023 L0 0 0LOT) 043 .
= o 1 e |
05 225 il a4 0.4

Associations of each 1,000 particles/cm3 increase in UFP matter exposure using the residential address linkage approach. Mmodel 1 (unadjusted), model 2 (adjusted for sex, age at enrollment, race, smoking
history, and a socioeconomic covariate), and model 3 (model 2 with additional adjustment for continuous exposures to PM, s um and NO, by the same model)

31/07/2025 IAM-ERS-2024

Goobie et al. Am J Respir Crit Care Med,
2024
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Air pollution, genetic susceptibility and IPF

* 3-fold risk of developing IPF in individuals with high genetic
susceptibility to IPF (including MUC5B promoter polymorphism) and
living in areas of heavy air pollution compared with those with low
genetic susceptibility and low air pollution exposure (Cui, ERJ 2022)

* No increased level of rick in relation to PN. . nn survival accaordine to
MUC5B genOtyl Lirdl prosenialion Breaxing news i intersubal [ing descase of Ko origll

T
Abethmlis) : Gemeral respirany patien) care. Imaging Cell sl mobeaular bindogy Epidesichogn
Tagis) : Clinical

Chalrs ¢ Flrshenas aieom (Lo, Dmial |\.|||:r.||l|l'| Pasalo Carmel b Sismia 4510, falyd

Late Breakime Absiract - Inleractien ol Hazh Lir Pelbutmn Eypasore aimd MDUBR 5357005950 un laterstitial Lung
[ Eiisse Bivk bn Hbrmmatoid Avihilis Pacemis
(EASTRY  Liuile Seae (Par, Fiaice), libicils Jw.“ﬁj;-l'l.l:-.lll.'. Piefie Adilcobe Juide, Sophie Mover, Johsiig Sigous, Brdils Uisa e
Lucas Semeiasay, Bore Dessinond, Raphos] Bime, Manie-Piemne Debeay, Bernard Conle, Fieve-Yves Bolel, Yurdagu|
Irumhey, Frilippe Disendé, Hilora Bunes
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athogenesis of IPF
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Sack C, Raghu G. Idiopathic pulmonary fibrosis: unmasking cryptogenic environmental factors. Eur Respir J. 2019 Feb 21;53(2):1801699. doi: 10.1183/13993003.01699-2018. PMID: 30487201.
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Air Pollution mechanisms in IPF

Alr pollutants
EDOSRErS

FMI| 1 PMJI\ Cr‘u, i

UPF NO,

-

{ Oidative stress
371 Mitochondrial dysfunction
|
Cellular senescence
Extracellular matrix remodeling

\ 4

Disease development
Disease saverily
Accelerated progression
Increased hospitalization risk
Increaserd acute exacerhation risk
Increased mortalily

susceptibility

Johannson et al. Chest 2015

31/07/2025 IAM-ERS-2024
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SOCIAL AND ENVIRONMENTAL

INEQUITIES




HEALTH IMPACTS ARE UNFAIRLY DISTRIBUTED

Sharp increase in
greenhouse gas
(GHG) emissions
began with the
Industrial
Revolution in the
late 18th and early
19th centuries.

Cumulative emissions of
greenhouse gases

WHO estimates of per
o capita mortality from
: climate change

Map projections from
Patz et al, 2007; WHO, 2009.

— Environmental injustice!



IPF AND POVERTY




Gap ini tween people with the highest
d lowest level of educatioryin EU 2017, by gender

Bl Men N iomen

Differenca in life axpeciancy in years batween the most and the least educated  (years)

Individuals with low SES are 14
times more likely to develop

i " " "
= Fd L= .l (=) = L=} = L=c]
T L T ¥ T T T

respiratory disease l
S Schraufnagel et al. AJRCCM 2013 ‘
q&ﬁq‘ﬁ qéﬁ ?*-J"E? & -Eﬁ'ﬁ vﬁr_ﬁ 45 & T & F . &

Statlink Sxamw AHpsetatink/ 795483
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SES and IPF outcomes

IPF Patients with low
income have reduced
health care cover and less

O Few studies transplantation but a
similar mortality.

Table 2 Adjusted odds of faur ".J| cirmnes in IPF pateents (009 5163 or 515)°

Lung T ——— Ceath Rehabilitation Transfer WA H,.;.p:
Odds Rarso (955 O AAalee  Odds Racio (95% C Pvake Odds Rarfo (958000 PValue  Odos Ratlo (85% C1)  PYale

Insurarse

Non-medscid Refance Refarerice Refererice Referenics

g A (30 1516, L5 1) 0000 1O IER T a5 a0 A4, (s fI Ay gL w5, QB
Iniraurned r A7 |::._r:_.-_ :;_;:, 1 12 ::|.'..:\-. 1.35) 025 047 1 i 15 |'| ¥ :|:| =5 07h ”
ZIP Incoime Chiamile

Cuzzrtile 1 i R T 093 {07, 100 L 1.16 (LG8 145) 0 107 f1ET, 1251 496

Cruzrtile 2 056 (D43, 073 197 {0ES, 097 <00 1,00 (38D, 1.24) 07 1 3 0, 1331 Q3B
Cuartile 3 0 (D57, 088 055 080, 102 i EL] 1,17 (0G0, 1.36) a33 058 {081, .18 el
Curartile 4 [Highest)  Refesnce feference Referarice felererice

Gaffney et al. BMIC Health Services Research 2018

70

iy



SES and IPF outcomes

* A Bespir it Care Megl 2027 Moy 24, gal: 1011840 riem, 202

s : bt 4729 patients
with fibrosing
ILD in Canadian
and USA
Gilian © Gookia 1 Chaistapher J Rversan -~ , Kerfi & Jehairmaan '_ Erin S hikaarski 9 registries Wlth
Richamd H Fou Marzan ] .- 3 '-.-.'I-U':. 2 I i :'_.':I- borat -,'._.-_: ayag F_ . . identified
el Mangans ¥, Jolere H P Miartin Rj Kol ™, Kevin F Gibson ™, Darel J Kasy =

ingea Zhang " - Kathisery Q) Lingsit ™, 5 Mehd Nouraia 1 ' deprivation

index

Greater disadvantage associated with reduced baseline DL,

Neighborhood-level Disadvantage Impacts on
Patients with Fibrotic Interstitial Lung Disease

In USA only: fILD with the greatest disadvantage (top quartile)
experience the highest risk of mortality (HR =1.51, p=0.002)
) IPF : disadvantaged related to less transplantation (OR =0.46,
p=0.04)
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SES Deprivation and telomere length

- S5M - Pepuilaricen Healrh .
¥ patients

i Tl =0 oaH

Ihe relationship between neighborhood socioeconomic deprivation and
Belenrmezre: lengibe: Thes 19902002 Maticoanl Hesleh aned Mateikicn
Examination Survey

Viffany . P15 ikes . SEnneEan Y. Gafdreeuh Sl i Codllsy A=
e Jps

1 [0 FTT o
Pelaireiuas o Susilreisy Joel Adu-Brimpueig ©, [avicl Boerrigian Shmrgan K. Dinvis

Precariousness inversely correlated with telomere length

— Precariousness can contribute to telomere length (stress,
unhealthy lifestyles, etc.)
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IPF, AIR POLLUTION AND POVERTY




Air pollution and SES

RN AT e IR, L

AR POLLLITION AND FIEALTH (1Y EALFWMARN AND SIDADAR, SECTION EIRNTORS)

Socioeconomic Disparities and Air Pollution Exposure:
a Global Review

Anjun Hajet - Charlene Bain? - Marie 8, 0°Nelll’

* Socially disadvantaged groups are likely to live in areas
with higher levels of air pollution.

* Precariousness can potentiate the deleterious effect of
exposure
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Original research CalEnviroScreen 3.0

Relative environmental and social disadvantage in - (Gl guEmining
. Nd. ek ; i A o environmental
patients with idiopathic pulmonary fibrosis & burden combining
Na'ama Avitzur," Elizabeth M Noth,” Mubasiru Lamid,* Steven D Nathan,” E pOP.U|at|0n, and
Harold R Collard,” Alison M DeDent * Neata Thakur,” Kerri A Johannson x SRITIUEDED BT

pollution

vulnerability

In IPF patients:
* Higher environmental exposures and vulnerability (CES)
associated with:

* lower baseline lung function and lower antifibrotic
use

* mortality (but not in sensitivity analyses)
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IPF, AIR POLLUTION, POVERTY, AND

MUCH MORE




Approaching the exposome to better understand fILD

Indoor air
pollution, ETS

Il
o .. |
Diet
Thunderstorms & floods Excerlese
: Smoking

Alcohol
Drugs
Medications
Rlagdive = Occupation
\ SES

Genetic/Epigenetic Alterations

== o

ETS: Environmental Tobacco Smoking; *: plastic, PFAS, etc. o
t o t susceptible/
vulnerable
individuals




EXPOSOMEFPI

.'I
i OBIWA
N §
EXPOSOMFPI
Biobank
\\-//

“r i
anses %

Investigateur Principal : Dr Sesé
Responsable scientifique: Pr Nunes
Cohorte nationale multicentrique
FPl:n =200 (avril 2021)

Suivi prospectif 2 ans

Equipe 1 : Recherche clinigue

Pr Nunes, Pr Planes, Dr Gille, Pr Levy, Pr
Ziol, Pr Cottin, (URC, CRB, CRMR Orphalung,
INSERM U-1272)

Equipe 2 : Pollution de I'air / Exposome
Pr Annesi Maesano (INSERM UA-1318,
IDESP) Boris Dessimond

Equipe 3 : Expositions professionnelles
Pr Paris, PrJouneau, Pathologies
professionnelles et environnementales
(INSERM U-1085)

Equipe 4 : Sociologie
Pr Rosental, Dr Cavalin (CNRS, Sciences Po
Paris)
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OBIWAN-FPI: OBjects In Wide Area Network for IPF

Etude de I'impact de la pollution individuelle (intérieure et extérieure)
sur I’évolution de la fonction respiratoire dans la FPI

Investigateur Principal : Dr Sesé

\ { * Etude pilote monocentrique
* FPI:n=30
" ) * Suivi prospectif : 1 an
Objets connectés Partenaires :

Pr Nunes, Pr Annesi Maesano, Dr Gille, Pr
Planés, M. Dessimond
Association de patients : APEFPI

. i
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Established and postulated impacts of climate change in patients with interstitial
lung disease (ILD)

* Very likely through air pollution, temperature and social factors

* Paper submitted to Lancet Respiratory Medicine
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Implications for ipf Patient Care

Understanding the link between IPF and the exposome is crucial for
developing effective treatment and prevention strategies. Efforts should
focus on:

Early detection and intervention: Implementing screening programs in
underserved communities.

Improving access to care: Expanding healthcare coverage and
reducing financial barriers to treatment.

Addressing environmental factors: Promoting policies to reduce air
pollution and occupational hazards in low-income communities.

Addressing environmental injustices

Patient support programs: Providing financial assistance and support
services for patients with |IPF.

CLIMATE CHANGE INCREASES THE BURDEN
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Activities to Stop (left, red background) and Activities to Start (right, blue
background) to Address EJ in the Climate Change era
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Take home messages

* Rising temperatures, air pollution, extreme weather

events, and shifting disease patterns can increase
respiratory diseases, heat stress, and occupational
hazards, disproportionately affecting vulnerable
populations.

Understanding climate-driven health risks in communities
and workplaces is crucial for protecting public health,
ensuring worker safety, and developing effective
adaptation strateqgies.

Proactive measures, including policy interventions,
workplace adaptations, and community resilience
planning, are essential to mitigate these risks and
safeguard long-term health and productivity.



A MITIGATION
CONSEQUENCE AND

ADAPTATION
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Climate Change
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Clirmnats chamgs and rospiratory o issmsss N_40

Thurdersiorm-related asthmac what hagpes and why

Projections of the effects of climate change on allergic
asthma: the contribution of aerobiology ey, 2010

Chimate change: A call to actian far the United Natiar

Allergy oo o
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Climate Change, Migratian, and Allergic Respiratony ' : WA fournal
Diseases: An Updata for the Allergist WADO journal, 2011
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To my PhD students
Since 2015

isabella.annesi-
maesano@inserm.fr
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